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CORROSIOI! TABILITY CF LOW-CARBOfl AND LOM-ALLOY ST3,LS IN S3A XATMI

G. G. Koshelev and I. L. Rozenfel'd

Carbon and l.w-alloy steels are basic mater-ials for building of shins and

h.-drotechnical constructions. Corrosion stability of carbon and low-alloy steels

in sea water has been studied by mnany authors: however, there is no single opinion

on the question of the a-nraisal of corrosion stability of steels in sea water.

G. V. Akimov E-] considers that the structure of metal plays a subordinate role

and does not have an essential influence on corrosion stabilit-, of steels in sea

water.

A. A. Pabakov, V. F. Vlegreyev, et. al. [2]7, on the basis of tests of

corrosion stability of different steels conducted in the Caspian sea, ccnside-

•-• t.l speed of corrosion of 16w-alloy steels SOLF and SMhLF2 is 10--12 0/)

letis than that of carbon steels.

Steel ','12 with addition of 1 0/0 aluminum or with addition of 3 0/0

chroi-aim has a sneed of corrosion 25-30 0/0 lower than that of carbon steels.

0. C. Vedenkin f-3]7, on the basis of laboratory investigations, considers

that lowi-alq- stee3S nossess higher corrosion stability in sea water than do

carbon.

Generalizing results of tests of steels at marine corrosion stations in a

number of countries, F. La-e [4 arrived at the conclusion that alloying

additions in quantities of no more than 5 0/0 have practically no influence on

the s3-eed of corrosion of steels in sea water. Yu. R. 3vans Z-52, conversely,

affirms that introduction of small additions of copper, aluninum and manganese
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e4 ,4p P41,4an,, 44,ivanesa &^vnp ,•en at.ah4 4hilit. nif *A.•Al* in SOA ater..

In the work of Hudson and Stanulrs E6J are tiven results of five-yea

tests of more than 60 types of different steels in atmosphere and in the sea.

Results of tests of stools in the sea showed that additions of III and Cr of up to

3 0/0 increase corrosion stability only in initial period of test (up to two years);

after five years the speed of corrosion or lcw-alloy steels is of the same order

as that of carbon fteel. Increased corrosion stability in the sea was shown orvy

by stools containing aluminum and chromium. The different opinions about t•.

corrosion stability of carbon and low-alloy steels in sea water do nat allow a

simple answer to the question of what kind of steel it is expedient to apply in

naval shipbuilding and in the building of naval hydrotechnical constructions.

Therefore the Institute of Physical Chemistry of the Academy of Sciences of

USSR, together with the factory imeni, Il'yich conducted work in the investigation

of corrosion stability of the steels Steel 3, SK-JLl, 101i, and HK in the sea.

Tests were conducted for the purpose of ascertaining the influence of alloyine

ccmponents, thermal processing, and the presence of scale on the corrosion

stabilit:' of the enumerated steels. All the types of steels were smelted b-r ti.

factory imeni. Iil'Ich in open-hearth furnaces by factor, procedure. The

chemical cciaoosition of the steels is given in Table 1. Billets were rolled to

sheet 3m= thick. Some of the sheets were additionally subjected to normalization

at a ter erature of 9000 and subsequent tempering at a temperature of 6 5 0e. Thus,

all types of steels were prepared for tests in three forms: 1) as-delivered; 2)

heat treated with scale; 3) heat treated without scale.
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Table 1

Chemical cocnosition of studied steels

$ Cr.3 0,151 0.42 CAu 0.024 0,037 - -
ec.XJI 0.16 J 0,53 0.59 0.(44 0,030 0.86 0,36 0.34

"ý MCI 0,12 0.99 0.99 0.026 0.026 0,25 ' 1.06 0.33
RI{ 0.12 2.55 0.8 0.031 0.025 0.14 C.wAU 0.40

1) TYpe of steel; 2) Contents of elements, 0/0; 3) Steel 3; 4) SKhIUi; 5) M31;

6) M•; 7) Traces.

Samples with dimensions of 260 X 180 X 3 mm were fixed in steel frames (Fig.

1). For the purpose of assuring insulation the samples were secured by porcelain

insulators. Frame with samples was nlaced on a floating stand (Fig. 2). With

this the upper row of sa:mples was disposed at a depth of 300 mnu from the leve7 r'

the sea, and the lower at a depth of 850 nun.

Test of samnles vas carried out at the corrosion station IF•i in Dal'x':,e

Zelentsy Bay on the Parents Sea.

The cornposition of the sea w.ater at the test site corresnonds to the

comnosition of ocean water.

h-ýeed of Corrosion of Steels in the Barents 3ea

Data on the corrosion of steels after s,- -ears of full subm.ers-ion in the

sea are given in Table 2. From table it follows that the Lotal corrosion effect

after six years constitutes 2.5--3 kg_/M 2 , or 420--600 g/m2 per year.

For convenience of ccvs parison of corrosion stability of the tested steels, the

weight losses of Steel. 3, at all forms of processing, are taken as 100 0/0. The

given data show that t;•e corrosion stability of low-alloy steels in the rolled
Sstate is 20--28 0/0 ,reater than that of Steel 3.
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Thermal i~rocesai nry of low-alloy steels does not have an essential inf Dience

o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~T~ thi^orso tbl nsawtr osf' uight. nf h~at-t~reated steels

is less than that of the same steels in the rolled state, but this, apparently,,,

is 3tipuilated by the nartial destruction of' scale during of heat treating.

Fig. 1. Frame with samDles, lifted above the sea stand.

-ar.

Fig. 2.Floating sea st~and.



Thermal processing of lowe-alloy steels does riot have an essential influence

nn their corrosion stabili';.. in sea water. Loss of weight, o.' heat-treated steels

J.s less than that of the sane steels in the rolled state, but this, arnarentl.,

As sti:-ulated by the rnartial destruction of scale during of heat treating.

AI

Fir. 1. Frame with samoles, lifted above the sea stand.

Fig. 2. Floating sea stand.



As a result of this scale was rem~oved frcm heat treated steels ill the first y.ears

of theg tet=af~ ,+b +~~ ~ 1-;,+

orcobable, stipulated the sorewhat higher s-eed of corrosiJon of steels in the

rolled state.

3-teel '31 corrodes at a scmewhat. lower sneed than other steels with a sh-ot-

oe~f';ed !sArface -- it's loss in weight was less (42- gm 2 - er ,ear) -- and steel

3':1L1 disola:rs the biggest 'Losses 41in weight. (520 g/xr 2). 3tee] 3 and

a mi-ddle n-'aition. S-teel 3, .'31, and M?- after shot-oesenfzrg have szmaller 1.,sS,_s

,)f -weirht than steel 3Kh1_l. 7-n rerneral, the weigrl, losses of carbon and low.a-alhv

st.eels frrom which scale has beer. removed are aonroxji.nately identfical.

Table 2

.,verace s--eed of' cor~rosion of steels of d3.: iLere,-t t'-nes in the Parents Sea
alft~er six :,ears

3- MsTPNic. almo om*

I Da opaoni ~ MPsa S', CMop KD a UM

Ij 1lPOKaT C oV.&RHo Cr3301 3W4 W4 too
CX2111, 3080 513 so
MCI 31U40 5113 St

Tepauici o6&nauu c warus~ iC.3 2950 Ofi 72
Temumm o2amasw coxm~k T- 12910 485 100

CXJIIIIJ 3010 501 103
MCI 1 2820 470 97

MR13I 2810 468 9
Tomoecx ~p~mmu Ao~crye-Cr.3 10 28 470 100

'1J~ 1 3160 512 NOP
MCI 1 I' M 408
MR 11 269 4 96

)) 7.7-)e of nro-essing of steels: 2) :-)e of steel; 3) 3need of corrosion - Loss
of .'eght ~/; 4 Af~ert.ears: 5) aver"age -er :-ear; 6) `.2atfonsh`': of sneed of

co.rros4-n of steels of various tZ-oes(3t%-eel 3 ta*-er as 1;-0 -/4 " oll--rp wiith
scale; F)!eat treatý--3 with scale; 9) !eat treated, shot--neened; 1,) iteel. 3; 11)
S3vLl:. 12) "31; -13) 12.7 lot
Loss of aeirht of steel 3`1i.1 with scale and withou-t scale -4 identical.



In Fip". 3, 4, and 5 are given curves of the tire de.nendence of corrosion of

steels. .. eed of corrosion of steels "ith tine decreases. This anparently is

eanlained by the fact that in the first years of tests occ-urs destruction of scale

occurs, as a result of which the weight losses of steels are h',Fher in the ;initial

•er'>J of corrosion. In s3Jtsanuent years the sneed of corrosion of steels is less,

•wn, to the -bsence of -weight losses caused b'.- destruction of scale and to a

certain hrakýnr of soeed of corrl3ion due to overrrowth of the metal surface b.

,•rod,icts of corrosion. Steel 3 in the as-delivered state during the J:er'-d of

s3x years was corrod-id at the hiehest s-,eed, and steel *.'--at the 1-west.

44W

state, nlaced in sea in for six years.
1--Years; 2--,Cg/,mr•; 3--Steel 3; 4--:!:J:: 5--S3hKL-4: 6--K.

4W

Fir. 4. '..335 of weight of heat treated saMoles of stcel placed in sea in
for si% .'ears.
1--Years; 2-6--same as Fig. 3.
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Fir. 5. Loss of weight of sam'-)lcs of stu-el without iali, .)lazed in sea
for six '.cars.
1--Years; 2-:$--3ai.-;e as Fig. 3.

Table 3

.Jtec1 3a~r-~'le s-ir'Oface area on ,i-..ch scale ias retain~ed after six-:',ear tests

:nthe 17arents iea

"I= Bl Oepamm crms %97 OweB mmseat

- -- - A F mp e c

CT.3 f n fPOvXa 38 4

IV Tep%"euc o6p&6mxornu 232

CX.11 G. f IIpoDcT 1221 2
Tepum maw o~psasotawww 1,0 1

*MCI f J1PO.NA~ 405 I 42
Teuuec~uo~pa~njawptse 127 I 14

m1; f Vt1POKaT 242 26

1) Typ,-e of steel; 2) Form of -ricessing, of steels; 3) Area orn which scale ',as

reta 4.ne; 4) 0/0 of g~c7C.ral surface area of samn~les; 5) Steel 3; 6) -OML1; 7) 1:31;
~) i~: 9).Tlling; 1C) !'cat treated.
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3toee in the heat treated condition corrodes at a somewhat lesser speed

(Fig. 4) than steel in the as-delivered state. 3need of corrosion of steels

with shot-neened surfaces is less than that of steels with scale. This
b

irdicates the 5s~nificant role of scale in strentthenirn corrosion. Carbon

and low-alloy steels free from scale corrode In sea water at aonroxLately

identical sneeds.

From the data of Table 2 At follows thaL weight losses of steels in

the as-delivered state are, on the whole, 13V larger than those of heat

treated steels with scale. To ascertain the factors affecting the corrosion.

resistance of as-deli vered and heat treated steels, the surface area on which

scale remairned after tests -as calculatcd. .alcul.at'on data are nresented

In Table 3. From consideration of the table it lollo-ws t!hat or. as-delivered

samnles of steels the surrface area on which srale was retaired is 2--3 times

treater than that on heat treated samnles.



:,-,garentiy-, heating of steel sheets to high temneratl-res leads to additional

growth of scale and the annearance in it of micro-cracks due to the different

coefficients of exnansion of scale and base metal--steel; tnis nromotes faster

destruction of scale. :eight losses of steels in as-delivered state were

somewhat larger than those of heat treated steels. This, anoparently, was stinulated

b:, the more prolonged work of the scale metal na'rs on steels in as-delivered

state. Cn samples of steels "_31 and :Z, scale was retained significantly longer

than on Steel 3. This, probably, was stioulated by the presence of alloying

comoonent3 in the steels.

it was noted that steels with scale have a nore clearly expressed inclination

to corrosion with Cormation of dee-. pits. To clarf"°-. this '.henomenon, ootentials

were measured of sections with and w-thout scale on one and tha same sanole of

every tested t:-)e of steel iunder ircomolete nolarization of the system. The !nt~er

was attained by ao-)!-ulinf, b- snec'ial nrocesses, electrol-ote only, -n section .:! ýe

notential was measured. "eas-.rement of notentials -.as conducted in sea water.

..easirement data are nresented in Table 4. From an examination of the table it

is clear that sectins •.•:thout scale have r.ore negative notentia's than Zect"nnr,

co-vered with scale. The difference of ootentiais of these section.s for steels

QZL1 and M31 constit-ites near 2' ,ill-vlt, but for Steel 3 and M" -- on, ':D

mi ] iv€olt.

7>bs, o- s i-face of ste-!s therre are co.n.arati:e!ro stror.r cairs .:ere the

mthw-; is the sections, covered wfth scale, a:.- the anode -- secc.:ons of steel

withot scale. 3Since on steels 3`11L1 and ':31 the difference of potentials of

these sections is greater than on 3teel 3 and >-2, the inclination of these steels

to nitting with formation of deeo seats is significantly larger.



Table 4

3-:rface -.otentlals of sa'oles on sections wcth and without scale in sea water
(in relation to hydrogen electrode)

"TA iJpa(s"o. 6m G Tac'mo0s 16 I om

OIunmNw. ars okbauiof. As "

C3 -322-30 14
SCXjIt -323 -- 297 26"

MCI -327 -299 28
M K -360 -346 14

1) Ty•e of steel; 2) Potential of 3ections without scale,millivolt; 3) PFtential
of sections -irth scale,xn-14-iolt; 4) Difference of potentials, millivolt; 5) Steel
3; 6) 3.KhLl; 7) 1131; 8) :-•z

Denth of Corrosion Pits Cn 3reels After Tests in the Parents 3ea
;:eight losses of steels d':e o pitt in cannot ccmnlete]' characterize their

behavior in sea 'eater, especialy since the difference in weight 2osses of low-

allov. and carbon steels is insignificant. In this case data on the denth of

corrosion :its are one of main irndices characterizing the corrosion behavio:.,-x

steels in the sea.

Table 5

(3ee -able 5 Cn .ollovr..g 'Fage)

lo



Table 5

Denth of corrosion noats on steels tested in the Parents See
(original thickness of samoles, 3m)

3 mfxvwb an. _____
vee 2 r*pIA wpe 7.4 FO~A jV 1eveu 9 5 Cpewmg M.

POGO?" M~aie f . -- -& vi nppEmil. sau6oa- -PI____ I-__o__- IIP' I,

- CT.3 14 0,58 0,79 0,27 0.63 0,23 0.41 0,062
CX.'11 I 0,60 0.71 0o45 0,78 0.44 0,9 0.0o6

IMCI f 0,44 0.90 0,38 0.91 0,37 1.00 0,069

SMR 0,41 0,61 0.37 0.65 0,24 0.65 0,069

I I

CT.3 /1Y 0,47 0,70 0,30 0,68 0,19 0.43 0,062
SCXJIj I4 I 0,40 0,45 0,27 0,58 0,28 0.70 0,064
I'' t~ Ct 3 0,47 0,64 0,28 0,55 0.30 0O6 0,060
3 .MIt 0,34 0,61 0,27 0,53 0,23 0.57 0,060

C.3 o0.32 0.54 o.20 0,57 0,19 0,39 0,060
cxjI/¥1 0.42 0,59 0,21 0.65 0,2 0.71 0.065

MC! I 0i ,34 0,47 0,25 .054 0.23 0.43 0,054
ME/,61 0.341 0,51 0,20 0,50 0,18 0,49 0.067

1) ":ethod of nroce:3ing of steels; 2) 7y.e of steels; 3) Denth of pits, Ma,
/4) after 2, 3 -ears; 5) averag-e; 6) Lreatest; 7) after 4 :-ears; 2' after 5 -,-ears;

v) .,erare loss of t.½c;-ness after ý --ears of corrosion, re'a/year; 10) P.o!led;
I') "eat treated- 12) shot-neened; .3) Steel 3; 14) 3,?2,Ll; 15) ""J.; 16) d*.%

a eesof the deth of atta were rade h- is on both sides of

samn-les at twent-: .•onts on a ... ent of -,--Is -.;as neas'xred at ten noints

in the deenest nlaces. In Table 5 are Fiven data on the denth of nits in steels

tested in 4 1e earents Sea. From exa...ination of the table it is clear that the

freatest .. nth of nits ,ias observed at the end of two :,ears' inversion of the

steels in the sea; in subsequent -ears the averare deoth of nits was somewhat

decreased. This is stinulated byr the fact that in: the first :-ears of the test

c:'rrosion nr-ceeded on sý.all anod'c sectionrs in -laces where the scale Mas

711



damaged. ..ith an increase ir test time the surface of the anodic sections

!ncreased d'ie to destruction of scale, and as a result of this corrosion nroceeded

floved more eveny of'er t.;e 4,ole s-irface of the samole.

0.4

'eq:2 na*

Fig. 6. Change with time of deoth of ':orrosion of.ts on steals -n ti-me.
3ulid cir-es--as-delirered; dotted c irves--without scale
1--Average de,)th of attach, •m; 2--Years; 3--3S;2•L-!' 4-.:'3-1; 5--isF;
6--3teel 3.

in F'i-g. 5 are oresented cnrves of change in tire of deoth of nits on steels

:--th and without scale. From the drawing is clear that denth of corrosion nits

on steels of all t&-es decreased with ti:me. From t'e drawing also it is clear

that • steel corrodes the most even:,-,. Deener corrosion -its were detected on

steels 3ShLl ard "31 .ith scale. in se-arate -)laces the deoth of -4its on these

steels attained 1.5 mm; on two sar.vles the attack went through.

in the last columzn of the tables are -resented data on the decrease in

thickness of steels, calculaLed from. their light losses after six -ears. The

th*ckness of the steels w.ras decreased b:y , -. n2/:'ear; the dIfference in

the decrease of thickness of different steels was insignificant.

e f echanical Pronerties of 3teels C-,ine. to Corrosion

Another very L-'-ortant index of corrosion of steels is the change in their

mechanical nrooerties in the process of corrosion. Ultirate strength after

corrosion is also characterized by the irregularity of corrosion, since failre

occurs in the weakest section of the sajmile. In Table 6 are given data on the

-1z



loss of mechanical orooerties of stu.els during full submersion in the sea, after

"fve-jear twists. In the calculation of loss of mechanical properties, loads were

referred to the initialsection of samples.

From examination of the table it follows that loss of yield point eS and

ultimate strength Z. for steels with different processing constitutes 20--35 0/0

after five years.

Loss of plastic nronerties 6 by steels during the test period was somrewhat

less, however, constituting 10--30 0/0. Steels with shot-peened surfaces showed

a som.ewhat smaller loss of mechanical properties, especially ?Iaztic.

3teels 3.!hLl and N31 disnlayed the greatest loss of mechanical properties

nth all forms of orocessing, and steel MY--the least. Plastic properties of

steels 3S2Ll and !31 were lowered twice as much as those of steel 14K.

In Fig. 7 are presented curves of change of yield point rS (1) and ultimate

strength #D (I) of as-delivered die to corrosion. The curves have a large

inclination angle in the first two year of tests,*wich attests to the siznif! .,nt

decrease of yield in this period. This is explained by the fact that corro3ion

in the first years of test of steels with scale proceeds mainly at the exnense

of formation of local pits in places where scale is broken or comnletel- remo-ied.

After two years the curves of yield point and ultimate strength have a

very- insignificant slone, which is explainod by great uniformity of corrosion.

0n the same drawing are shown curves of change of yield point (II) and

uiltinate strength (7) of heat treated steels in the course of the tests. From

the drawing it is clear that steel .WhLI wlth variant of processing showed the

most significant losses of yield Doint.

The mechanical properties of low-alloy steels with shot-neened surfaces are

S.... 1owerwth tmine to an apnroximatel- equal degree• (curves III and VI, Fig. 7).

13V
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.,I if

.30

24o

to #8 1, 0 -11rd 64
E f eeftut Vr

Fit-, 7. Changge of yield point q j and tensile strength ap. during corrosion
of steels in sea water.
I--I'--with scale, as-delivered; II--7--with scale, heat treated; [I-I-
• witho,,t scale.
l--:.!onths; 2--drs, KrF/=n2; 3--:11,; 4-,-1:-I 5--3ML-I; 6--itee! 3 (36ar
the same In all diagrams).

That fAct, that ITK steel with all forram of nrocessinr has annroximatel.ý

identical losses of mechanical properties Indicates th.-af th.'s steel n,ýrr'.de3 note

even'L." than the other steels. This confirr-., o-,:r concl-.sion, made on t'.-e bas'j: of

i itl.e 3xternal arr-•esrance of samples of :-!, steel.

SAs was alread~y -indicated, the preatest 'Loss of mec:ianical properties with

all variants of processing -oas shown b:'- steel Sl:.a.L!.' -large losses of m.echanical

--- +~~ ..... J+•£es b.,. steel of this t,-,-p are sti-xulated mainly- by t.he fact that its

cirrosion nroceeds less evenly than that. of the other steels tested•, with t"e

frotr.at!den )f local doer)n its.

m-
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Stee]. :(31 "n ragnitide Of Pisses of rmechanical pro-rerties occimies second

;echa.-Acal nro7erties of Jteel 3 -prior to test were apprmximately on 28--36

J'i. lo'emr thah th,,se of the low.allo,+, steels SIhll, X3• and M. Loss of mechanical

st.renpth b:; Ateel 3 witlý-ý.oi. scale in five-year tests an-eared to be somewhat less

than- losses of steep,,*1 71T1 and Vil; hoitever, the mechanlcal strength of Steel 3

after t!;e tests was an)roydr.ttely 25 0/0 less than -the remairinr strength of. steels

;WhI.l and 'A31.

table 6

loss if mechari-al worn+ertles of low-alloy., steels after 5-:.'ear test in
Parents Sea.

"mC~ 903.~ Paapi fee). DU 5

MKIl~ 45 32 20 56 5 2 19 15 f2

Tepwunieixu o6pa. Cr.3/ 28 2f 26 39 30 23 25 20 20
0o7a"beus C oxA. CXI 1 41 26 37 56 37 34 19 13 32
a IO.I mCIA44 29 34 57 40 30 21 15 29

MR 43 32 26 057 46 19 17

*repumHcics o~pa. Cr.3 28 19 32 39 30 24 25 22 12
o"n".me ApoGe. Cx;I Il•4 1 30 27 56 42 28 19 05 21

cPyewfIe MCI )f44 30 32 57# 42 26 21 17 21
MR,,43 32 2 57 43 23 19 17 10

I) Prosessinr+ of steels; 2) ,:-.e of steel- 3) Yield n.oint (rS), kr/n•"?; 4) Frior
tio test; 5) after test; 6) loss of :,ield noint, 0/0; 7) Tsnsile strength (W,),
kc/rn 2 ;: ) jnss ot strength, O/u; 9) U.lonratlon (3), 0/0; !G) :Rolled with scale:
II) Nieat treated with scale; 12) Peat treated, shot-peened; 13) 3teel 3; 1s) 3KhLl;
-15) :31i: 1") `X



;Analysis of losses of mechanical nro-,ert.es of steels due to corrosion

sho-wd that a sigrnificant o'&-i.. of nechanical pronerties of steels with scalp

ocuis in the first two --ears of test in the sea: ;n sl.ubsecuent years, lowering

of mechanical pronerties occtrs more slowly. Lowering of mechani-al oronertie3

of stuels without scale occurs evenly over the entire test oeriod. Ultimate

strenFth of 3teel 3 and `Z with scale wras lowered by 23 -)/0, and of steels SKhL1

and !'31 bv 32 O/Ut. lowering of the Aield o-oir-t of -tee' 3 and ::i without scale

constitutes 23 0/0, and for steels ShLI and .l31 -- 27 0/0,

Thus the data on the change of mechanical strength after corrosion confirmui

the conclusions that steels S30Ll and ?if31 ccrrode less uniformly than Steel 3 and

MI,.

Steel M., both with and -witnout scale, show:ed the least losses of

mechanical nronerties. After tests the mechanical strength of this steel was

30--3' 0/0 greater than that of 3teel 3.

Thus from consideration of the data on lo5s of weigh1t ar-i mechanical strenrt

in the course of six-year tests in the sea -t can be concluded that addiLions i,.

steel of the alloying comoonents Cu, .i, Cr, an.a Mn in a total not exceeding

2.5 0/0 do not increase the corrosion resistance of steels in sea wa.ster. "'",.it

losses of these low-allo;' steels during tests in natural atmosnhere w-.ere 2--3

times less than those of carbon steels f7_J. 3o great a difference in the

corrosion be'arior of steels in the sea and the atuosnhere, an-arentl:', is

ex'lained C. several causes.

it is mnoum that the orocess of corrosion of steUIs in sea water nroceeds

with oxq-gen ienolarization. Consequently, tne s-eed of corrosion is basical:,y

determined by the diffusion rate of oy.t gen into cathode sections of the metal.

Sven with a small quantity of' cathode sections the entire content of ox.h !n

in %nzter can be used; the access of the oy.,-gen is limited by diffusion rate. A

further increase in the number of cathode sections does not bring with it an

increase in the quantity of o;'gen arriving at the cath-'. in a unit of time.



As a result, the corrosion of 3teels nroceea at a sirnle so-eed, regardless of how

much of the surface of the metal is constituted of cathode.

Another cause, thanks to which carbon and low-alloy steels corrode sea at.Ar

at identical sneeds, consists in the fact that if thi corrosion Drocess oroceed

so that cathodic and anodic nolarization play idenrtical roles, then change of

area of cathode wi not bring with it an increase in corrosion current. This

is illustrated gra'hically by the ývans diagr.am (Fig. 3).

ice

Ima1

-y-

Fig. 8. "]var.s dia-ram, showing that r..a;.urn,.L" corrosion current does not
change, if with an increase in F there is a similtaneous decrease in FA,
with a correnondIng change of nolarization (G. 7. Akimov -1)

Conclusions

"?esults of six-:ear tests of steels in the Parents Sea showed the follow.InF.

1. ; ie low-alloy steels SKhLl, 1131, and M-K and the carbon steel Steel 3
during full submersion in the sea corrode at ainroxir,.ateW" identical soeeds.
7heir weight losses after six -Tcars constituted 2.5--3 k./rn2 . The averare s.eed
-f corrosion of the steels d'urin, f-ull s.br.ersion Jr tnc sea constitutes 0.5

-/er --ear. Fermeabilit.- or loss of thickness of netal constitutes r. min/
"ear (calculation on even corrosion).

2, 34eel s 312iLl and .::1 have a sonewlhat lar,-er "4nc U1iation to pitting than
3teel 3 and "', which c.-rrrie :.ore eve•P. -; teel 3 zcrrcx/es especial-
e-enlu.. e-.th f corrosion oits of steels G:hI and *MII after f•,e ;-ears attains

rrz,:, cut deoth of corrosion nits or. 3;eels 3 and 12', ccnstit'utes only 0.4--G.6 .rm.

3. 3-,eed of corrosion of steels without scale is 5-10 0/0 less than that
of1" steels vith scale. 3eelwiho-, scale corrode more ev;enli than those with
scale.

4. I.eat treatment of Steel 3 increases its corrosion resistance by 2) 0/,9.
neat treatment of sLeels :- 3l, S31rL1, and I1{ does not have an essential inf" ence

V on their corrosion resistance.

5. loss of mechanical strength of steels, i.e., loss of ultimrate strength
and y-ield noint after five-cear tests in the sea, constitutes from 2C to 37 0/0.

-'7



nro)eriesthan Steel 3 a-d '-rIK.

3t"_ wih al vriats f nocesin ha anroxiraelyidentical
los ofirehaica nr-)rtis, h.Icha'test t th evruessof hecorrosion

Of this steel stood.

averare s-,eed of corrosiorn in th.e sea of the tested steels is almost
identcal. onsequentlý:, alloying by small additions of Cr, Ni, Cui, and 11n does
not ncrasecorrosion resistance of the steel in the sea to a noticeal-le degree.

Lowall-ý,steels differ from, carbon b.. the fact that the,- Corr' 'e less
evenlyý, ir. the sea. Th-s -nranotes a somewhat lzarte ',)ss of' their- mechanical
nroroerties (b-' 5-13 103, as comnoared with Steel 3).
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DISTRIBI7PION LIST

DSPARTYM OF DEFENSE Nr. Copies MAJOR AIR COIO(&JD Nr. Copies

AFSC
TDBTL 5

HEADQUARTSRS USA? TDBDP 11
AZDC (ANY)I

AFCIN-3D2 I ASD (ASIA) 2
TDE14T 10
TDGS 1

OTHER AGENiCIES

CIA 5
DIA 4
AID 2
NASA 1
AFCmL (cRxLR) 1

YTD-Mf- 63-125 19


